Introduction
Psychiatric ill-health is increasing among Swedish adolescents (1.), and eating disorders (ED) are among the more severe psychiatric conditions that affect this age group (2.). Although traditionally most ED research has focused on females, recent years have also seen increasing attention to ED in males (3-5.) . Much of this research has focused on examining gender differences in clinical presentation and co-morbidity (6.) . There has also been growing interest in comparing ED risk factors between males and females, with some commonalities reported in relation to the negative effect of factors such as family discord, abuse, depression and childhood overweight/obesity (4; 7-10. ). Yet because most research studies contained at most only few males, they generally lacked the statistical power to examine gender differences in ED risk factors. This has applied particularly to risk factors related to family socio-economic position (SEP) or family composition, which are likely to have weaker individual-level effects than severe or specific risk factors such as sexual abuse or irregular eating, but which may have greater population-level health impacts because they are more common.
As for what is known about the effects of such factors in females, previous studies have reported conflicting results with respect to SEP. Several large Swedish studies have indicated that higher parental education and/or social class predict a higher rate of hospitalization for anorexia and/or ED (11-13.) . Similar results have been reported in a large British study (14. ). This has not been supported in all research, however, with some studies reporting no association between ED/ED symptoms and SEP (15; 16.) . Moreover, most studies were based on females only: to our knowledge only one previous study has included reasonably large samples of both males and females and compared SEP associations between the two. This study reported that among Portuguese 13-year old adolescents, ED symptoms were associated with high SEP in females but with low SEP in males (10.) .
With regard to parental age, this has been suggested as a risk factor in the development of different psychiatric disorders in offspring, including bipolar disorder (17.) , autism (18; 19.) and schizophrenia (20.) . Few studies have examined parental age in relation to ED, however, and these have generated inconsistent results. Early ED research indicated an association between higher parental age (especially in mothers) and risk for ED (21; 22.) , while later studies reported no such associations (23; 24.) . Similarly with respect to family and sibling composition, previous studies have reported conflicting findings (25.) . Of two British studies investigating the sex and birth order of the siblings of ED patients, one did not find any associations (26.) , while the other suggested that females with anorexia nervosa had fewer brothers and were born later in the birth order (27.) .
In this study we had access to an unusually large number of ED cases, identified via exhaustive and multisource case ascertainment. We therefore investigated how family SEP, family composition, parental age, parental income and parental education were associated with the development of adolescent ED in both males and females.
Methods

Study population
The Stockholm Youth Cohort (N=589,114) is a database created by record-linkage for all children and adolescents aged 0-17 years who were ever resident in Stockholm County during the period 2001-2007, plus their parents and siblings. The linkage involved a range of national and regional health data and administrative registers. In total 286,232 members of the Stockholm Youth Cohort were born 1984-1995, and therefore could have turned 12 before the end of follow-up (31 December 2007) . Of these, we excluded those who died (N=30) or permanently emigrated from Stockholm county (N=5,538) before their 12 th birthday. We further excluded those born outside Sweden (N=30,552) or adopted (N=268). Our study population therefore consisted of 249,884 individuals (49% female, age range 12-23 over the period of follow-up).
Case definition and case ascertainment
Our definition of ED included all specific ED diagnoses identified in the International Classification of Diseases (F50.0-F50.9 in ICD-10, 307.1/307.5 in ICD-9, 306.5 in ICD-8) plus the equivalent group-level DSM-IV codes for 'any ED' (specific diagnostic codes not available for DSM-IV). Our definition of cases also included all those who received treatment at a specialist ED clinic and/or who were recorded by clinicians as having attended psychiatric services because of an ED. We included these last groups because diagnosis data was incomplete in our sources for case ascertainment (see below), but we judged these individuals to be at very high risk of having an ED. As a sensitivity analysis we repeated our analyses using a more restricted definition, which only included those who had a recorded diagnosis for ED or who attended a specialist ED clinic at least three times.
We ascertained ED cases using inpatient and outpatient information from all publicallyfinanced child-, adolescent-and adult psychiatric facilities in Stockholm County. This included all publically-and privately-run facilities, both of which can be used free of charge until age 18 and at a relatively low cost thereafter. We used four sources to ascertain cases:
1) The Stockholm Child and Adolescent Psychiatric Care Register covers all publically-run child and adolescent psychiatric services in Stockholm County since 2001. It includes diagnostic information according to DSM-IV groupings (i.e. coded at the group level of 'any ED') and clinicians also record the psychiatric disorder which led patients to seek care.
2 Table 1 ). Our measure of family income was the individualised disposable family income, which combines all sources of income (including social benefits), deducts all known outgoing expenses (including taxes) and adjusts for family size. We also used the Medical Birth Registry (32.) to identify whether one or both parents were unemployed at the time of the child's birth (binary variable yes/no), and to establish family type at birth. Because the coding of this variable changed over our study period, we could only consistently classify family types as those containing both biological parents versus 'other' family types. We therefore use this binary variable in our analysis but, for comparison, present an alternative subcategorisation in Table 1 which distinguishes single-parent households where possible.
Data analysis
Hazard ratios were calculated using Cox regression, adjusting for age and study period and stratifying by gender. Follow-up started when the child turned 12 or immigrated into Stockholm County (whichever was later) and continued until 31 December 2007 or until the child died, emigrated or met our criteria to become an ED case (whichever was earliest). We first adjusted only for year of birth ('minimally-adjusted analyses') and then proceeded additionally to adjust for family SEP and parental age ('adjusted analysis 1') and finally for family SEP, parental age and family composition ('adjusted analysis 2'). We modeled the 'number of siblings' variables continuously (all p>0.01 for non-linearity); all other explanatory variables were entered as categorical variables and we report p-values for heterogeneity. In order to quantify the potential health impacts of reported associations, we calculated population attributable fractions for selected variables.
The frequency of missing data for family and social covariates ranged from 0-11.5%. We used multiple imputation by chained equations (five imputations) to impute missing data under an assumption of missing at random. Robust standard errors were used to allow for potential correlations between children born to the same mother. All analyses were conducted using Stata 11.1. 
Results
We recorded 2971 cases of ED among females and 280 cases of ED among males during the follow-up period. The overall incidence rate of ED was 457/100,000 person-years in females and 40/100,000 person-years in males. All substantive findings were unchanged in sensitivity analyses, restricting our outcome measure to the 82% of cases who met our more restrictive definition of ED (see Supplementary Tables 1 and 2 ).
Risk factors for ED in females
Higher maternal and higher paternal education were both associated with an increased rate of ED in daughters, with a clear dose-response relationship across all six educational categories. The association with maternal education appeared somewhat stronger than the association with paternal education, but both associations persisted after mutual adjustment and after adjustment for other parental and family characteristics ( Table 2 ). Given that higher parental education is common in Sweden, these strong effect sizes also translated into a sizeable population impact. For example, assuming the observed associations were fully causal, these results suggest that 24% of all ED cases in females would be averted if all cohort members were born to mothers with only 9-10 years education (population attributable fractions calculated using HRs from adjusted model 2).
We also observed a In contrast to these positive associations with education, the independent effect of income was such that the ED rate was highest in the lowest income quarter (Table  2) . Parental unemployment and family type did not show statistically significant associations with rate of ED in daughters and the association between parental age and ED rate was not statistically significant after adjusting for parental education (Table 2 ).
There was a moderately strong inverse association between increasing numbers of full siblings and rate of ED in females. All types of full siblings (older or younger, sisters or brothers) were associated with a lower rate of ED in females (see supplementary material). By contrast, an increasing number of half-siblings was associated with a higher rate of ED. These divergent effects of full versus half siblings were seen both in minimally-adjusted analyses and in analyses adjusted for other parental and family characteristics (adjusted model 2, Table 2 ). Assuming these associations were fully causal, 5.6% of ED cases would be averted if all cohort members had two full siblings and 3.3% if all cohort members had zero half siblings. 
Risk factors for ED in males and gender differences in risk factors
There was strong evidence of an interaction between gender and maternal education (p<0.001) and weak evidence of an interaction between gender and paternal education (p=0.04). These interactions reflected the fact that although higher parental education was a strong risk factor for ED in females, it showed no association with ED in males (Table 3) .
Otherwise there was little evidence of interactions between gender and non-socio-economic risk factors (see supplementary material). The magnitude of the point estimate for the association between number of half siblings and rate of ED in males was similar to that observed in females (p=0.33 for gender interaction), but the association did not reach statistical significance in adjusted analyses. Associations of twin/triplet status and number of full siblings with rate of ED in males were likewise statistically non-significant (Table 3) and showed little consistency with patterns of associations observed among females. However, these variables also showed no evidence of an interaction by gender (p>0. 19 ). This suggests these data are underpowered to examine how far males differ from females in the effect of sibling size upon ED rate, and are also somewhat underpowered generally to examine predictors of ED in males.
Discussion
In this population-based cohort study of Swedish-born adolescents living in Stockholm County, we found maternal and paternal education to be strongly related to ED rate in females but not in males. Furthermore, increasing number of full siblings was associated with a lower rate of ED in females, while increasing number of half-siblings was associated with an increased rate.
With respect to the associations between parental education and rate of ED in females, our results replicate and extend the findings from two previous, smaller Swedish cohorts (11; 12. ). This association is intriguing since it represents a reversal of the social gradient observed for most child health outcomes (33.) . Given the large and growing fraction of Swedish parents who are highly educated, we demonstrate that this association may have a substantial impact upon population-level ED (e.g. an overall population attributable fraction of 24% for maternal education). Future research into mechanisms underlying this association is therefore warranted. It has been suggested that high demands (both external and internal), high parental expectations and parental control play a role in the development of ED (9; 34-36.) . Education is one area where children may be particularly subject to parental expectations and demands, and this may be especially true for the children of highly-educated parents. In Sweden, as in many other settings, higher parental education has been shown to predict better grades among offspring (37; 38.). This relationship is likely to reflect several underlying factors, but one plausible factor is an expectation among highly educated parents that their children should also do well academically. This may include not only explicit wishes from parents, but also indirect demands that may cause daughters in well-educated families to feel overwhelmed by a pressure to live up to expectations.
Why then, are the same effects not seen in males? One possibility is that the gender difference reflects, at least in part, differences in the composition of ED diagnoses between males and females. A related explanation is suggested by the authors of one previous paper reporting on gender differences in SEP associations; they speculate that males show a different association because their ED symptoms are more likely to reflect global psychological impairments (10.) . There is also some evidence that sons are less likely than daughters to be the target of parental weight concerns (39.). If so, this might also render males less vulnerable to the cultural values and orientations of high SEP families (e.g. valuing healthy food, self-restraint and high achievement) which have been argued to form a backdrop for many female cases of ED (40.) . Addressing these and other related questions may suggest important targets for public health interventions, as well as perhaps shedding light onto the aetiology of ED in both males and females.
Parental demands are also a plausible candidate explanation for our finding of a protective effect of having larger number of siblings. Previous studies have shown that having a large number of siblings is associated with poorer outcomes across a range of educational and health measures (38.) . This has typically been hypothesised to reflect a 'dilution' effect whereby parents with many children have less time and resources to devote to each child. Nevertheless, it is possible that such a dilution might be beneficial with respect to ED if it softens the magnitude of the parental demands and expectations placed on each child. Indirect support for this hypothesis comes from our observation that the protective effect of having more siblings was seen regardless of the type of sibling (older or younger, brothers or sisters). This perhaps suggests that the effect is mediated by total family size rather than by the ways in which different types of siblings interact with each other. This paper also makes the novel observation that although having full siblings seemed to have a protective effect, having half-siblings represented a risk factor for ED in females. In seeking to understand this finding, it may be useful to consider research into environmental characteristics predicting ED. Klump et al. (41. ) studied non-shared environmental factors in individuals with disordered eating. The results indicated that differential family relationships partly explained differences in eating pathology in one sibling versus another. The adverse effect of half siblings observed in the present study could be a marker for former adverse life events (e.g. parental divorce) or on-going family tensions (e.g. following the introduction of new siblings). The inclusion of half-siblings in the family is also frequently associated with the presence of a step-parent, who may sometimes have more contact or higher-quality contact with their biological children than with their step-children. Further quantitative and qualitative research is needed to confirm this association with number of half-siblings and, if replicated, to investigate the possible underlying mechanisms.
Strengths and limitations
One of the key strengths of this study is its comparatively large sample of both males and females, and its use of data collected prospectively from a well-defined population. Another strength of our study is that it identifies ED using an unusually wide range of healthcare registers, and is therefore likely to have identified a more representative group of ED patients than previous studies which used only hospitalisation data (11-13.) . Nevertheless, although an improvement upon previous studies, our use of register data is an important limitation. Firstly, like all register-based studies, we were not able to standardise the process of making ED diagnoses. Instead we were reliant upon 'real-world' diagnoses made by multiple clinicians in multiple clinics and using both ICD and DSM criteria. Our findings are, however, consistent with a previous Swedish study, which used only ICD diagnoses and which addressed some similar research questions (e.g. regarding the association between parent SEP and ED risk in daughters)(11.).
Secondly, although medical care in Sweden is available free of charge or at relatively low cost, previous research has demonstrated that individuals from socio-economically disadvantaged groups are less likely to seek healthcare, or else seek help at a later stage (42. ). Yet although this raises the possibility that some of our findings could reflect differential help-seeking behaviour, we believe that the gender-specificity of the association between parental education and ED provides some evidence against this interpretation. Overascertainment of cases in higher socio-economic groups would also be expected to affect the associations with others indicators of SEP (e.g. income and employment), but those did not show the same association with ED as education.
A third limitation of our study is that it reports on ED as an entire group, because we lacked full information on specific diagnoses. We believe that analyses based upon combining ED into a single group are still of value, particularly given the on-going debate as to the value of different subtypes (43; 44.), and given the extent to which patients fluctuate between diagnoses (45.). Nevertheless we recognise that it would be informative in future studies to distinguish between different types of ED, in order to examine how far this may explain the gender differences observed with respect to SEP (10; 46.). Finally, although comparatively large, this study lacked power to examine associations with rare exposures (e.g. twin status) and to examine associations in males. It would therefore also be valuable to replicate and extend this work using still larger samples, for example by using national rather than regional total-population data.
Conclusion
In a review of risk factors for disordered eating, Jacobi et al. (47.) concluded that interventions ought to be aimed at women with high weight and shape concerns, a history of critical comments about eating, weight and shape, and a history of depression. We accept that these may be the strongest proximate correlates of ED, and therefore the most important targets for individual-level or clinical interventions. Nevertheless we believe that the observed associations with parental education and family type may also be relevant for the design of broader public health preventive measures. Specifically, we believe that by understanding the mechanisms underlying these associations and, crucially, by understanding why only some children are adversely affected (daughters not sons, half siblings not full siblings) it may ultimately be possible to design interventions that seek to prevent ED and their symptoms at the population level. We tested all variables shown in Supplementary Table 3 for interaction with gender entering variables as categorical variables and, for the education, income, parent age and siblings variables, repeating the tests entering them as continuous variables. In minimally-adjusted analyses, the strongest evidence for an interaction with gender was for mother's education (p<0.001 for gender interaction regardless of whether mother's highest education entered as a linear or a categorical term). In minimally-adjusted analyses there was also some evidence of an interaction with father's highest education entered as a linear term (p=0.04) and mother's age as a categorical term (p=0.006). Since both of these variables were strongly associated with mother's education, we additional entered the interaction between mother's education and gender into the model. This caused both interactions to become non-significant.
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